Introduction

32
In the debate on sustainable water management, a growing place is given to rainwater. 33
In essence, a rainwater collection system works as described in Fig 1. The rainwater 76 harvested by the catchment area (here the roof of the house) goes into a tank where it is stored 77 until it is withdrawn to meet the water demand. If the volume exceeds the storage capacity, 78 the runoff is overflowed elsewhere (sewage system, retention device...) and lost for usage. If 79 the tank does not supply enough water to meet the demand, then the water is withdrawn from 80 the water supply distribution network. The figures are only available for cities, so it was necessary to select cities that have a 131 homogenous pattern (mainly housing estate areas and very few buildings). City patterns were 132 checked using satellite images. Since the distribution of inhabitants of the cities having the 133 correct features did not exhibit (for the thirteen selected cities) clear regional tendency, i.e. the 134 regional differences are comparable to the differences between cities in the suburb of the 135 same larger one, it was decided to select only two cities, of which the inhabitants distributions 136 are displayed in Tab 1. These two cities were chosen because they represent two different 137 kinds of inhabitants' distribution: Vendeville (North of France, in the suburb of Lille) is a city 138 where there are mainly families (more than half of the houses are occupied by three or more 139 people) whereas Génémos (South of France, in the suburb of Marseilles) is a city where there 140 are mainly single persons or couples (more than half of the houses are occupied by one or two 141 scenarios were built for the sizes of the tanks using the following methodology, which is 148 based on the householders' needs. In the experiment of MARIA lead by the CSTB in 149
Champs-sur-Marne (about 25 km from Paris), de Gouvello et al. (2005) showed that a storage 150 capacity that corresponds to approximately 4 weeks of the water demand is almost always 151 enough to ensure the autonomy of the installation. It has been shown that this ratio is only an 152 optimum for customers in the region of Paris. Nevertheless it is adopted for all French cities, 153 knowing that it might not always be optimum for the customer. Yet the results obtained here 154
show that this ratio works all over France. In the following sections of the paper, several 155 scenarios were made knowing that people will not necessarily choose the optimum storage 156 capacity (saving money, change of owner, birth, departure of a child...). Since the number of 157 people per plot ranges from 1 to 6, the storage capacity chosen in this paper ranges from 0.5 158 to 4 m 3 . 3 As the daily rainfall time series used in the simulations last for a duration of 5 years, 159 it is not necessary to have different starting configurations for the tank. Indeed they will all be 160 notably full after the first major rainfall or notably empty after the first drought period. 161
The only catchment area considered in this paper is the roof. 
This indicator is interesting for the consumer since it determines whether the 179 collection system is efficient and beneficial. It also permits to estimate the possible savings in 180 energy (pumping, treatments …) that the water supplier can expect in operational costs 181 (Coombes, 2007). However it does not give any information on the regional impact of a 182 generalised rainwater collection on the infrastructure costs (size of the pipes, the pumps, the 183 water treatment works, …). To be able to decrease the latter costs, water suppliers need to 184 evaluate the reliability of this source of water. If ever the systems do not supply enough water 185 to meet the demand, the supplier will be expected to do so and therefore should not reduce the 186 size of its infrastructure. To estimate this reliability, the authors suggest using a "reliability 187 curve", which is drawn for each simulation. In order to evaluate the variability generated by each input, seven options were tested 228 for each input on a housing estate consisting of ten plots. Since a scenario is defined from 229 different combinations of the inputs, a total of 2401 (=7*7*7*7) scenarios were tested. The 230 options, based on the values found in the first section, are presented in Fig 3. Since the aim is 231 to estimate the variability, some of the chosen options may not look very realistic. Concerning 232 the chosen rain sites, they are homogeneously distributed over the French territory, which 233 permits to have a set of different French climates. Then the four indicators were estimated via 234 a computer coded simulation for each set of options. The results were put in arrays E, RI1, 235 RI2, and RI3, whose sizes are 7*7*7*7. In the following, the chosen rain option is represented 236 by the index i, the inhabitant option by j, the roof area option by k, and the store capacity 237 option by l. 238
The same method was used to analyse the variability of each indicator, and is 240 described here for the indicator RI1. It consists in keeping three inputs constant while the 241 fourth changes. For instance, the rain_standard_deviation array (whose size is 7*7*7) was 242 evaluated to analyse the input "rain". The term (j,k,l) of this array is the standard deviation of 243 the set
. Then the average variability generated by the rain on the 244 RI1 indicator is the mean of this array. In order to evaluate the reliability of this average 245 variability, the standard deviation of the array was also evaluated. If it is too great compared 246 to the average variability, it means that this average variability is not very reliable. 247
The same procedure was then followed for each input. 248 First of all, it can be noted that the variability generated by the rain is the most 254 important, which is one of the reasons why a geographical analysis was performed and is 255 explained in the next section. The duration (5 years) of the rainfall time series did not permit 256 to perform a temporal analysis of the evolution of these indicators for a given city. The 257 variability created by the various distributions of inhabitants is quite important. However the 258 chosen options were quite extreme and the actual repartition is more homogenous so in 259 reality, this input will not create much variability. The roof area is the input that generates the 260 less variability. This is due to the fact, that when it rains, it often rains more than necessary to 261 fill the tank, so that even a small roof fills the rainwater collection system. The variability 262 generated by the storage capacity is important, which confirms (Lucas, 2006) that people 263 should be very careful when they are choosing the optimum size of their tank. The disparities 264 existing among the different scenarios are highest for RI3. This will be confirmed in the next 265
section as a geographical analysis shows great disparities among the cities, making RI3 a very 266 relevant indicator to distinguish between the sites. 267
These values of average variability must be considered very carefully because their 268 reliability is not very good. This is due to the fact that there are many disparities between the 269 chosen options to perform the investigation. Since the averaged variability is often quite high, 270 a more precise analysis is required to decide whether the water supplier can take the existence 271 of rainwater collection systems into account in their management plan. This is explained in 272 the next section. 273 274 275
Results for 63 French Cities 276 277
As explained in the previous section it is not possible to give a unique answer to 278 whether water suppliers can take into account a water demand reduction in their management 279 plan if there is a generalised installation of rainwater collection system. 280
In this section a geographical analysis was performed. Several realistic options were 281 defined for each input on a housing estate consisting of 100 plots, so that the estimated figures 282 are reliable. These options are presented in Fig 4. Since the variability generated by the 283 inhabitants is not substantial, only two options were considered for the number of occupants, 284 whereas three were considered for the storage capacity. Only one was considered for the roof 285 area since this input does not generate much variability. As a geographical analysis is 286 performed the only rain option considered is the daily rainfall time series of the considered 287 city. This means that for each city 6 (=2*1*3*1) scenarios were considered. The average RI1, 288 RI2, and RI3 were figured for 63 French cities. 289
290
For each indicator the mean, the standard deviation, the minimum and the maximum 291 are presented in Tab 3. First of all, the average E is 93.5%, with a small standard deviation of 292 5.3%, confirming that the storage capacity determined all over France with the help of an 293 optimum in the region of Paris, is correct. However we can note that it might be slightly 294 undersized for some cities since the minimum is 75.1%. As it can be seen RI1 ranges from 295 45.6% to 86.5%, which means that this indicator is relevant to exhibit disparities and that the 296 water suppliers can consider it will not be smaller than 40%. The map of this indicator is 297 presented in Fig 5. RI2 ranges from 0.1 to 10.2 according to the city. This shows that even if 298 this indicator remains interesting for the water supplier, since it can be considered to always 299 be a low value, there are no big disparities among the French cities, so a map of this indicator 300 was not included in this paper. Concerning RI3, the value ranges from 6.2 to 93.8 which 301 makes this indicator a very relevant way to compare the cities according to the reliability of 302 the water supplied by a collection system. This is why we are going to focus our analysis on 303 this indicator. The map of this indicator in France is presented in Fig 5. Fig 6 presents RI3 for  304 each city, sorted in order according to increasing values of RI3. 305
The 30 year long time series over Paris was split into 6 series of 5 years each. All 306 indicators were assessed for each period, and the main statistics are displayed on table 4. The 307 standard deviation generated by the temporal differences (tab 4) is much smaller than the one 308 generated by the spatial differences of rain (tab 3). This means that figures 5 and 6 remain 309 relevant despite using rainfall time series lasting only 5 years. Nevertheless further 310 investigations would require the use of longer series to achieve more robust results. 311 according to a direction South-West, North-East: 317 -1 and 3 : these areas are highly reliable 318 -2: the disparities among cities that are close together do not permit to exhibit a 319 clear tendency. Rainfall series from more cities would be required to make a 320 deeper analysis. 321 -4: this area is reliable. It is between a highly reliable area and an unreliable area, 322 which means that the evolution of the indicators whilst moving from South-East to 323
North-West appears to be continuous. 324 
